In previous studies we have investigated the thermoelectric properties of undoped and doped compositions of β-K 2 Bi 8 Se 13 . The attempt to substitute Rb for K resulted in a different structure type, but with potentially useful thermal properties. In this paper the results of measuring the thermoelectric properties of small crystalline samples for K 2-x Rb x Bi 8 Se 13 solid solutions are reported for the compositional ranges with 0 ≤ x ≤ 1 and with 1.8 ≤ x ≤ 2. The presence of rubidium provides a significant improvement in the thermopower but has much less of an effect on the electrical conductivity. The combined results are reflected in the power factor behavior as a function of temperature.
INTRODUCTION
β-K 2 Bi 8 Se 13 has been reported [1] as a promising thermoelectric material by virtue of its low thermal conductivity and relatively high power factor. A room temperature ZT value of 0.22 in undoped samples has been observed and it tends to increase at higher temperature. Impurity doping of β-K 2 Bi 8 Se 13 improves its ZT even further mainly by raising the power factor [2] .
We also synthesized a Rb analog of this compound, which adopts a different structure type [3] . Both compounds are anisotropic three-dimensional monoclinic structures that grow needlelike crystals along the b-axis.
Studies of the thermoelectric properties [3] of Rb 2 Bi 8 Se 13 showed higher Seebeck coefficients compared to β-K 2 Bi 8 Se 13 , but considerably lower electrical conductivity. Improvement on the electrical conductivity without significant loss in the Seebeck coefficient could make this compound a promising thermoelectric material. The thermal conductivity of both compounds is comparable and low in the range 1.4 -1.6 W/m⋅K. An important difference between these two structure types is that in β-K 2 Bi 8 Se 13 there exist mixed occupied K/Bi sites which affect significantly the electronic properties of the material, where as in Rb 2 Bi 8 Se 13 all sites are occupied by one kind of atom and the structure is well ordered. Interestingly, the Rbanalog has a smaller band gap ~0.44 eV compared to ~0.60 eV of β-K 2 Bi 8 Se 13 yet the electrical conductivity of the K-analog is much higher. We believe this arises from mid gap energy states created from the mixed occupancy of K/Bi atoms on several crystallographic sites. In this work, preliminary results on the thermoelectric properties of K 2-x 13 are both anisotropic three-dimensional monoclinic structures that propagate along the b-axis. This is why the crystals invariably adopt needle-like morphologies with high aspect ratio.
In the β-K 2 Bi 8 Se 13 structure, Bi 2 Te 3 -type rods form layers perpendicular to the c-axis, see figure 1 . The NaCl-type rods run parallel to the b-axis and connect the layers to build a 3-D framework with tunnels filled with K + cations.
In the Rb 2 Bi 8 Se 13 structure, NaCl-type infinite rods run parallel to the b-axis, and they are stitched together by CdI 2 -and Sb 2 Se 3 -type fragments, see figure 2. The NaCl-type blocks are aligned parallel to each other, and between them are rows of Rb + cations. Detailed structure descriptions can be found in refs. [1] and [3] . K 2-x Rb x Bi 8 Se 13 solid solutions adopt the β-K 2 Bi 8 Se 13 structure for 0 ≤ x ≤ 1 and the Rb 2 Bi 8 Se 13 structure type when 1.8 ≤ x ≤ 2, as concluded from powder X-ray diffraction studies. It is surprising that the β-K 2 Bi 8 Se 13 structure is formed even when x increases up to 1. A mixture of the two end-member phases exists when 1 < x < 1.8. 
Transport measurements
For measurements on all compositions, small crystalline samples were prepared from larger crystalline ingots with the long dimension along the crystallographic b-axis. Typical sample sizes were 1.0 to 1.5 mm in length with the cross sectional dimensions being on the order of 0.1 mm. Variable temperature electrical conductivity and Hall data were obtained with the usual four and five probe configuration respectively using a computer-controlled system. Gold wire electrodes (25 to 60 µm diameter) were attached to the samples with gold paste and allowed to completely dry before data processing was initiated. Typical excitation currents were ~0.1 mA, and the magnetic field strength for the Hall measurement was 0.7 Tesla.
Variable temperature thermopower data were acquired using the slow-ac measurement technique with a computer-controlled system [5] . Electrode attachment employed the same procedure as described for the conductivity measurements. The applied temperature gradient was 0.1 K. The sample environment was maintained at a vacuum of ~10 -6 Torr. Throughout the measurement process the attempt was made to take all data for a given composition from the same sample. The small size and somewhat fragile nature of the crystals did not permit this for every specimen. Thermopower (µV/K)
The temperature dependent thermopower data are shown in figure 3a for compositions with 0 ≤ x ≤ 1. The trend of a decreasing thermopower magnitude as x increases from 0 to 1 is clearly evident. All samples are n-type. Figure 3b shows the thermopower behavior for compositions with 1.8 ≤ x ≤ 2. Here the change in thermopower behavior is quite different. At the two extremes for this range the smallest thermopower magnitudes are obtained. The small rubidium compositional changes in the midrange variation result in a significant increase in thermopower magnitude. The x = 1.925 composition reaches a value of -280 µV/K at 300 K. All compositions are n-type. A second x = 1.925 set of data is shown where the 300 K value is -175 Figure 3 . Temperature-dependent thermopower a) compositions for 0 ≤ x ≤ 1 and b) compositions for 1.8 ≤ x ≤ 2, the data for x = 1.8 and x = 2 are coincident over the entire temperature range.
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µV/K. These two data sets illustrate the temperature behavior of the samples with the highest and lowest values for this composition. Conductivity (S/cm)
The temperature dependent electrical conductivity data for the composition range 0 ≤ x ≤ 1 are shown in figure 4a. Most compositions have conductivities in the 600 to 1000 S/cm range at low temperatures and decrease slowly to a range of 200 to 300 S/cm at 300 K. The highest conductivity values are for the x = 1.0 composition. Figure 4b shows the temperature dependent conductivity data for the compositional range 1.8 ≤ x ≤ 2. The two data sets for the x = 1.925 composition correspond to the two data sets shown in figure 3b for the thermopower data. Table I presents a summary of the data at 300 K for all compositions. Sample selection for the table was made on the basis of which sample for each composition gave the highest thermoelectric power. The Hall data resulted in a slightly higher range of carrier concentrations for the 0 ≤ x 1 compositions. Samples in the 1.8 ≤ x ≤ 2 range generally had carrier concentrations below 10 19 cm -3 , and higher mobilities. Hall data for the x = 2 composition were not available. Figure 5a shows the temperature dependence of the power factor for the samples of the 0 ≤ x ≤ 1 compositions that were displayed in figures 3a and 4a but do not in every case show the highest possible power factor. For example, for x = 0.2, at 300 K the highest power factor is 12.5 µW/cm•K 2 which was the highest value for all compositions. All of the highest values were obtained at 300 K. The temperature dependence of the power factor data for the 1.8 ≤ x ≤ 2 compositions are shown in figure 5b. Here the comparison of individual compositions shows Typical sample geometry was too small to carry out thermal conductivity measurements. A larger crystalline ingot with composition x = 1.925 was prepared, and for this sample the thermal conductivity increased from 1.5 W/m•K at 300 K to 2.3 W/m•K at 120 K. The temperature dependence of the thermopower for this sample was identical to that of the high thermopower sample shown in Figure 3a .
DISCUSSION

CONCLUSIONS
The addition of rubidium to the β-K 2 Bi 8 Se 13 system has definitely led to enhanced power factors by primarily improving the thermopower values, but nearly all conductivity values remain well below 1000 S/cm for temperatures above 150 K. Composition changes have much less influence on the conductivity than they do on the thermopower. The initial measurement of the thermal conductivity would suggest that it most likely should remain at higher temperatures in the same range that was found for the x = 0 and x = 2 compositions. A surprising finding here is the fact that even when we begin to substitute K ions starting from Rb 2 Bi 8 Se 13 , a material that at first glance does not appear to be promising, we obtain samples which display enhanced power factors despite the lower carrier concentrations and high carrier mobilities. Continued work on these systems will include further refinements in alloy composition and the possible introduction of dopants.
